frequent presenting symptoms were leukocoria (37.1%) and proptosis (34.7%). The distribution of disease stages at presentation (International Retinoblastoma Staging System) was 1.6% stage 0, 24.1% stage I, 27.8% stage II, 16.3% stage III, and 25.3% stage IV. 26.5% defaulted care. The 5-year Kaplan-Meier survival estimate was 57.7% overall. Conclusion: This study shows that delayed presentation and refusal of therapy remains a significant barrier to effective treatment in this African setting.
count for 10-15% of childhood cancers [3] . Epidemiological studies suggest a worldwide incidence of approximately 1 in 16,000-18,000 births per annum [4] . In resource-rich countries such as the USA and Canada, survival rates for patients with retinoblastoma approach 100% [4, 5] . This is in stark contrast to resource-poor countries, where late presentation is invariably the cause for increased mortality, and survival rates in some of these populations may be less than 20% [2, [4] [5] [6] [7] [8] [9] . Despite more than 90% of affected patients living in resourcepoor countries, there are few studies on disease characteristics in these populations [8] . This study involved a 20-year retrospective review of retinoblastoma cases at two tertiary academic hospitals in Johannesburg, South Africa, and aimed to better characterize the disease in this sub-Saharan setting.
Methods
Medical and histopathological records of retinoblastoma patients presenting to the pediatric oncology departments at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) and Chris Hani Baragwanath Academic Hospital (CHBAH) between January 1, 1992, and December 31, 2011, were included for review. CMJAH and CHBAH are tertiary hospitals, primarily serving as the referral centers for the greater Johannesburg area and the North West province but also providing tertiary services to a large region of northeast and central South Africa, and the families of migrant workers from the neighboring states of Lesotho, Mozambique, and Zimbabwe. All retinoblastoma patients seen by ophthalmologists and primary healthcare workers are referred to the pediatric oncology units who are responsible for coordinating their multidisciplinary management.
The patients admitted with a possible diagnosis of retinoblastoma routinely underwent radiological assessment for trilateral retinoblastoma (predominantly by CT imaging, with MRI performed more often in the latter half of the study period). Retinoblastoma was diagnosed on clinical and radiological findings, and where enucleation was performed, the diagnosis was confirmed on histopathology (histopathological specimens are processed at a single center servicing both hospitals). Cases in which the diagnosis of retinoblastoma was uncertain or where record-keeping was grossly inadequate were excluded from this study.
The following information was extracted from each medical record: date of presentation, delay to presentation, age at presentation, sex, family history of retinoblastoma, laterality, presenting symptom or complaint, retinoblastoma stage in each eye, treatment administered for each eye, any incidence of the patient defaulting or refusing hospital treatment, period of follow-up, and survival status at last follow-up visit. The date of presentation was the initial date that the patient was seen at either CMJAH or CHBAH. Delay to presentation was the period of time, recorded in months, from the date that symptoms or signs (related to the diagnosis of retinoblastoma) had initially been noticed to the date that medical attention was first sought at any public or private healthcare facility. Where patients were diagnosed in the absence of any signs or symptoms, following a screening examination of a patient with a family history of retinoblastoma, the delay to presentation was recorded as 0 months. The presenting symptom or complaint was that which prompted the patient or family of the patient to seek medical attention. The International Retinoblastoma Staging System was used (retrospectively in some cases) to stage the disease in each eye after reviewing the results of all histopathological, cytological, and radiological investigations performed on the patient [10] . The treatment administered for the stage of disease in the presenting eye was recorded. Unless otherwise stated, all bilateral retinoblastoma presented in the Results section include any trilateral cases seen. Specific statistical methods and tests utilized will be included in the results section where relevant. A p value <0.05 was considered significant.
Results
A total of 282 retinoblastoma cases were recorded, comprising 6.9% of the total pediatric oncology presentations over the 20-year study period. Of these, 245 cases met the study inclusion criteria, with 37 excluded due to inadequate or unavailable medical records. None of the cases were excluded on the basis of incorrect or uncertain diagnoses. Table 1 presents the data related to the number of cases seen, sex distribution, age at presentation, and delay to presentation.
Retinoblastoma was unilateral in 65.3% of the patients, bilateral in 34.3%, and trilateral in 0.4% (1 patient). The overall male-to-female ratio in the study was 1.08, and 1.30 in the bilateral group. No statistically significant association between sex and laterality was found (χ 2 test, p = 0.29). Patients with bilateral retinoblastoma had a significantly lower median age at presentation than those with unilateral disease (17.0 vs. 33.0 months, p < 0.0001). There was also a statistically significant difference in delay to presentation between the unilateral and the bilateral group (5.0 vs. 3.0 months), with the bilateral group having a shorter median delay (p < 0.0001). The most common presenting symptoms were leukocoria (37.1%) and proptosis (34.7%). Other presenting symptoms included inflammation, poor vision, strabismus, and buphthalmos. There were no symptoms reported in 4 cases (1.6%), where the diagnosis of retinoblastoma was made following screening in a patient with a positive family history for the disease. Table 2 presents the data related to disease stage at presentation, the predominant treatment administered for each stage of disease, and the Kaplan-Meier 5-year survival estimates for the overall study population as well as for each stage of disease. The International Retinoblas-toma Staging System was used to stage disease, and the results presented pertain to the eye with the presenting complaint, i.e., only the first (presenting) eye in the case of bilateral disease.
Multinomial regression analysis revealed that patients with a delay to presentation of less than 6 months were less likely to have stage III or IV disease than those with a delay of more than 6 months (p < 0.001). Laterality and family history of retinoblastoma did not have any significant effect on disease stage (p = 0.083 and p = 0.56, respectively). Table 2 presents the predominant treatment modalities utilized for each stage of disease in the presenting eye. Local therapy included the use of laser photocoagulation, cryotherapy, or a combination of the two. Intravenous chemotherapy (carboplatin, etoposide, and vincristine) when administered consisted of 6 cycles. Unilateral retinoblastoma with stage I disease was treated almost entirely with enucleation alone. In the latter half of the study period, patients with bilateral disease received intravenous chemotherapy prior to enucleation of the presenting eye. Stage II disease was treated largely with enucleation coupled with intravenous chemotherapy, and this was supplemented by deep X-ray therapy in close to half of the cases. Stage III disease was treated predominantly with either enucleation or exenteration (in a smaller proportion of patients), intravenous chemotherapy, and deep X-ray therapy. Stage IV disease received palliative treatment alone in the majority of cases.
Sixty-five patients (26.5%) defaulted care. These were patients who refused hospital treatment altogether (n = 18), as well as those who defaulted during treatment (n = 47). Follow-up was considered complete in 212 cases, and of these, 123 patients were alive at the end of the study period or at the last follow-up; in these surviving patients, the follow-up period ranged from 3.0 to 238.0 months (mean 71.9, median 55). Patients who had attended their last scheduled visit were included amongst those considered to have completed follow-up. Survival rates were determined using Kaplan-Meier survival curves (Table 2 ; Fig. 1, 2 ), which were plotted for the overall study population, as well as by disease stage, laterality, family history, delay, and defaulting care. Patients that were transferred to another hospital prior to follow-up, as well as patients that defaulted care before any treatment was initiated, were excluded from analysis. Table 2 presents the 5-year survival data for the overall population and for each stage of disease. Apart from disease stage at presentation (p < 0.0001), only defaulting care (p = 0.0004) was significantly associated with poorer survival outcomes.
Discussion
Retinoblastoma accounted for 6.9% of the overall pediatric oncology presentations over the 20-year study period, which is lower than the rates suggested for other African countries [3, 9, 11] . Interestingly, our rate of trilateral retinoblastoma (1 patient, 0.4%) was unexpectedly low compared to the reported rates of 3% overall and as high as 10% among those with bilateral disease [1] . It is possible that some cases that defaulted care prior to radiological assessment at our units may have been missed.
Our mean and median ages at presentation are higher than those reported for each category in the developed world. Kruger et al. [12] , in their South African study, also report higher median ages at presentation, which is due to late presentation. Delay is invariably the cause of increased mortality rates in resource-poor countries; reports from African countries including the Democratic Republic of Congo, Nigeria, Tanzania, Mali, South Africa, and Kenya demonstrate this [2, 5, 6, [11] [12] [13] [14] [15] [16] . The average delay to presentation in our population was 7.0 months, which is lower than that reported earlier from Johannesburg by Poyiadjis et al. [16] in 2011 (10.1 months) but similar to that in other African populations, where delays generally in excess of 6 months and up to 15 months have been reported [2, 6, 14, 16] . Nyamori et al. [13] found that in Kenya, even patients with a family history of retinoblastoma had a delayed presentation. Late presentation in developing countries is thought to be a result of poor awareness of retinoblastoma by both parents and healthcare professionals, difficulties accessing healthcare in remote areas, cultural beliefs, and regional differences in attitudes towards disease [1, 6, 17, 18] . Patients are frequently diagnosed at a stage when extraocular spread of the disease has occurred, and thus, as in other African studies, proptosis was a common presentation in our population [2, 6, 11, 14, 19] . Intraocular classification systems are not helpful in this setting where the vast majority of patients present at a stage where globe salvage is not possible, and the International Retinoblastoma Staging System was therefore adopted at our study facilities [10] . Intraocular classification systems are used for the few patients presenting early enough; only 4 of our patients were diagnosed at stage 0 (where treatment did not necessitate enucleation), and all of these were diagnosed subsequent to a screening examination prompted by the diagnosis of retinoblastoma in a sibling. Late presentation with an advanced disease stage in the present- Color version available online ing eye implied that possibly only the second eye diagnosed in bilateral cases was subject to treatment for stage 0 disease. Newer treatment modalities such as intravitreal and intra-arterial chemotherapy, more commonly used in the developed world, have not been used extensively in this study. However, at the close of the study period it was evident that these newer treatment modalities were being included in treatment options available to those presenting earlier.
Our poor survival outcomes (57.7% 5-year survival overall) are the result of delay with advanced disease stage at presentation, further compounded by high incidences of patients defaulting care. The 5-year survival for stage I disease was 95.3%, which suggests that our survival rates may approach those of the developed world were our patients to present at a similar stage to those in resource-rich environments [1, 5, 8] . Treatment practices employed in this setting probably have little influence on survival outcomes.
The primary limitations of this study are the lack of availability of complete medical records (13.1% of the cases were excluded on this basis) and poor follow-up, both of which are features common to retrospective African reports [6, 7] .
Nevertheless, it is clear that interventions to increase case detection rates and streamline referrals are indicated and may include outreach programs and education of referring healthcare workers. Health interventions introduced within the time period of this study have included the introduction of free healthcare for children below the age of 6 years in 1994, as well as the introduction of compulsory community service in 1998, incorporating rural areas of the country [12] . Kruger et al. [12] reported on the outcomes of children with retinoblastoma in South Africa prior to (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and after (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) ) the introduction of such healthcare initiatives and found that, while not statistically significant, there was a trend towards more limited disease and better survival in the latter period of the study [12] . A further initiative by the National Department of Health and the Childhood Cancer Foundation in 2001 involved a 6-month awareness campaign of the warning signs of childhood cancer directed at primary healthcare workers and the public in the North West and Gauteng provinces [12, 16] . This campaign resulted in an increase in the number of new referrals to the Baragwanath oncology unit, but did not impact the advanced disease stages seen at presentation [16] .
While pilot projects of this nature have enjoyed limited success, these initiatives might be more fruitful and cost-effective were they designed to fit into an existing framework for the education of primary healthcare workers and parents alike on issues pertaining to children in our targeted 0-to 2-year age bracket [12, 16] . The Expanded Programme on Immunization (EPI) is a powerful national initiative aimed at reducing child mortality in line with the Millennium Development Goals established by the United Nations in 2000 [20] . A lot of effort and resources have been invested in addressing just the sort of issues that pose challenges to our retinoblastoma survival rates. These include education of parents on the merits of vaccination programs and the importance of adhering to a vaccination schedule. Primary healthcare workers have been involved in education campaigns and engaged in trying to identify challenges to the achievement of EPI goals [20] . It might be useful to perhaps consider incorporating a retinoblastoma awareness program into an existing government initiative, such as the ongoing EPI education drive, which would help reduce costs and enhance the likelihood of success.
